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ABSTRACT

A brief investigation was conducted in the PWT Transonic Model
Tunnel to check the validity of previous calibration results for two
commonly used test section configurations. Static pressure measure­
ments were made along the tunnel centerline and along the centerline
of the top wall of the test section; simultaneous measurements of still­
ing chamber and plenum chamber pressures were obtained. The results
of this investigation showed that the previous calibration results for a
test section having four perforated walls was still correct, but previous
results obtained with two perforated and two solid walls did not agree
with those obtained in this investigation. This disagreement was felt
to be caused by refinements in wall fabrication techniques and inaccu­
racies in the instrumentation used for the earlier investigation.
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NOMENCLATURE

M Local Mach number

MQ) Free-stream Mach number

Pc Plenum chamber static pressure, psf

Pt Stilling chamber total pressure, psf

Ow Angle of the top and bottom test-section walls, positive
when walls are diverged, min

Ratio of the stilling chamber total pressure to the static
pressure downstream in the diffuser

vii
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1.0 INTRODUCTION

The Transonic Model Tunnel, Propulsion Wind Tunnel Facility (PWT),
Arnold Engineering Development Center (AEDC), Air Force Systems
Command (AFSC), has a test section 12 by 12 inches in cross section and
37.5 inches in length, made up of removable walls. The availability of
both perforated and glass sidewalls plus extra wall liner material makes
this tunnel readily adaptable to a wide variety of tests. Although the
tunnel was calibrated earlier with both two and four perforated wall con­
figurations, the question of calibration changes has arisen several times
when greater than normal precision has been desired. To answer these
questions, the brief check calibration reported herein was conducted.

2.0 APPARATUS

2.1 TRANSONIC MODEL TUNNEL

The Transonic Model Tunnel is a continuous-flow non- return wind
tunnel equipped with a two-dimensional flexible nozzle and a plenum
evacuation system, resulting in a test-section Mach number range from
0.60 to 1. 50. The general arrangement of the tunnel and its associated
equipment is shown in Fig. 1. A detailed description of the tunnel and
its capabilities are given in Ref. 1.

2.2 TEST SECTION WALLS

Two wall configurations are frequently used to form the 12-in. by
12-in. by 37. 5-in. test section. For force and pressure distribution
tests, four perforated walls are used; the perforated wall liners are
1/8-in. thick and have 1/8-in. -diam holes with the axes of the holes in­
clined into the airstream at an angle of 60 deg. The ratio of open to total
area is six percent. A general arrangement of the test section and the
perforated wall geometry is shown in Fig. 2. A linear variation in the
distribution of the perforated openings extends from the nozzle exit to a
station 10 in. downstream (as indicated in Fig. 2) to provide for smooth
transition in the development of supersonic flow. The top and bottom
walls are supported by flexures at the nozzle exit and screw actuators

Manuscript released by authors October 1962.
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at the downstream end to provide for wall angle adjustments. The side­
walls are not adjustable and are parallel.

For tests requiring flow visualization over large areas, solid side­
walls of 3/4-in. glass are used in conjunction with the normal perforated
top and bottom walls. Large windows in the sides of the plenum chamber
provide excellent viewing of the entire test section when these walls are
used.

2.3 INSTRUMENTATION

A I-in. -diam static pressure probe, extending from the rear of the
test section upstream into the stilling chamber to eliminate nose disturb­
ances, was used to obtain the centerline static pressure distributions.
This installation is illustrated in Fig. 2. Static orifices installed along
the centerline of the top perforated wall were used to obtain wall static
pressure distributions. The centerline tube orifices were connected to
a manometer board with tetrabromoethane (TBE) as the measuring fluid
and with the plenum chamber pressure (pc) as the reference pressure.
This reference pressure was read accurately from an Ideal mercury
manometer. The wall static pressures, stilling chamber total pressure
(Pt), a vacuum reference, and Pc were displayed on a mercury manometer
which had Pt as the reference pressure. This combination results in
faster data reduction because by setting the difference between Pt and
vacuum equal to unity on the film reader, the ratio of local static pres­
sure to Pt can be read directly. The stilling chamber total pressure (Pt)
was also displayed on a Wallace and Tiernan pressure gage on the control
console, where it was used along with Pc from the Ideal manometer to
set the desired test conditions.

3.0 PROCEDURE

In order to keep the tunnel occupancy time required for a check
calibration to a minimum the conditions for which data were obtained
were selected to represent those most commonly used in testing. The
full Mach number range of O. 60 to 1. 50 was investigated for both of the
wall configurations normally used. The sonic nozzle contour was used
in conjunction with plenum suction to establish test-section Mach numbers
up through 1. 15; higher Mach numbers were obtained by using contoured
nozzle settings (see Fig. 3) with plenum suction to aid in stabilizing test­
section flow. With four perforated walls installed, the top and bottom wall
angles were varied as shown in Fig. 4, using settings which were found to
minimize interference in earlier investigations (Ref. 2). With the solid

2
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sidewalls installed, the top and bottom walls were kept parallel. The
tunnel pressure ratios (A) selected were also based on previous inves­
tigations and operating experience; these are shown in Fig. 5. Tunnel
stagnation pressure (Pt) varied from 2795 to 2930 psf during this cali­
bration period. Stagnation temperature was varied (Fig. 6) to prevent
visible moisture condensation at the higher Mach numbers. These
variations in tunnel conditions resulted in the Reynolds numbers shown
in Fig. 6.

4.0 RESULTS AND DISCUSSION

The data obtained during this check calibration are presented as
Mach number distributions along the test-section centerline and along
the top wall centerline. The distributions along the test-section center­
line with four perforated walls installed are shown in Fig. 7; symbols
are used to denote the value of Ow for each curve. At Mach num-
ber 1.025 data were obtained at two wall angles because of the abrupt
change in the wall angle schedule between Mach numbers 1. 00 and 1. 025,
shown in Fig. 4. Very little difference was noted in the flat portion of
the distribution as the walls were converged 40 min (Fig. 7a). The
centerline distributions obtained with two perforated and two solid walls
at Ow = 0 are shown in Fig. 8. Figures 9 and 10 present the Mach
number distributions measured along the top wall for the two wall con­
figurations investigated.

To compare these results with previous calibration results, the
centerline Mach number distributions between stations 11. 7 and 29.7
were used to determine the average centerline Mach number, or free­
stream Mach number for the testing region, M.... Figures 11 and 12 pre­
sent the relationships between MCI) and Pc/pt as determined during this
investigation and show comparisons with the previous calibration results.
In the case of the test section with four perforated walls (Fig. 11), the
data points obtained in this investigation agreed quite well with the more
extensive curves obtained previously in 1958, thereby substantiating the
previous calibration results. With two perforated and two solid walls,
the results of this investigation differed from the earlier calibration by
significant amounts, ranging from ~M = 0.008 at the lower Mach numbers
to ~M = 0.020 at the upper Mach numbers. These previous results were
from a 1957 calibration using an early set of walls which were of the
same basic design but lacked some of the fabrication refinements incor­
porated in later walls. It is felt that differences in the walls themselves
caused part of this disagreement, and that inaccuracies in instrumenta­
tion used for the early calibration probably account for the remainder of
the difference in results. Because all of the results of this investigation,

3
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both with four perforated and two perforated walls, were obtained with
the same instrumentation and the same physical walls, it is felt that
these results are the more nearly correct and will therefore be used
for future test work.

In the region normally used for model testing, between stations 11. 7
and 29.7, the Mach number deviations from the mean were found to be
as follows:

Four Perforated Walls

MIlO <" 1. 0

MIlO > 1. 0

.6M = ±O. 003

~M = ±O. 015

Two Perforated Walls

~M = ±O. 002

~M = ±O.015

From a study of the measuring equipment and the results obtained
during this investigation, the uncertainties in the data presented were
estimated for a probability of 95 percent. These uncertainties are given
in the following table:

~M

±0.003

~(pc /Pt)

±0.002

~A

±0.002

~9w

±2 min

5.0 CONCLUSIONS

From this check calibration, the following conclusions have been
reached:

1. The previous calibration results for a test section having four
perforated walls are still valid and may be used with confidence
for future tests.

2. The previous calibration results for a test section having two
perforated and two solid walls cannot be used with the perforated
walls presently in use; the calibration results presented in this
report are recommended for use with this test section configura­
tion.

4



....

AE DC. T DR.62.206

REFERENCES

1. Test Facilities Handbook, (4th Edition). "Propulsion Wind Tunnel
Facility, Vol. 3." Arnold Engineering Development Center,
July 1962.

2. Chew, William L. "Determination of Optimum Operating Param­
eters for the 1-Foot Transonic Tunnel Utilizing Cone-Cylinder
Bodies of Revolution." AEDC-TN-60-69, April 1960.

5



»­
m
o
o
~

o
;lJ

0­..,
..,
o
0-

UTlNG

BY-PASS
DUCT

I I,~

MOTOR

$BOX

FILT£RS
NOZZLE STAGNATION IiIAI N TUNNEL
'lEGION CHAM8EFl CONT'l<;lL VALVE

VI I
j ",-- -~

ZZ COMPRESSOR
-

-E7- , --ZZZZ; -
-

L.--,~
~

'-..
I ;
I

I
I

I
8Y - PASS

,~CONTFlOL VALVE -r--'- , , r
==e?;20;;a~ ',,---

11
/

_J RECIRULAT1NGi
AIFl DAMPER

;j
>. / ///~,,?(//,/>/ // -/·;:1
A

CONTROL ROOW

I CO NTilOL I
I CONSOLE

~
~/;>(/ ...22/"Z'''/;?" /·Z,,//%??<i'7/777Z.OZ7////A

AUXILIARY
CO"T"O~_ VALVES !

en

STUM EJECTOR
STEAIiI
LINE

Fig. 1 Layout of the Transonic Model Tunnel



A

I

'-e­ I~I 0
o -E7-o I~

FLOWO 15 ~~° · 0-­0---- -0-·

TYPICAL PERFORATED
WALL PATTERN

FLOW ~ "'-I
~~ :<0'§'<.0,.~~

--1600

Section A-A

6 % Open Area

Hole Diameter = 0.125 in.
Plate Thickness = 0.125 in.

rMODEL SUPPORT

-.]

PLENUM CHAMBER t

----------- (SOLID (PERFORATED
TAPER WALLS

f

...... Cl

I
..-

~E NOZZLE SECTION

,

LSTATIC
PRESSURE

IPROBE

Fig.2 Details of Test Section and "lall Geometry

I
NOZZLE

ENTRANCE
STA.

- 45.5

NO~ZLE I
EXIT
STA. STA.
o 10

I
STA.
37.5

"\

)
STA.
40.9

I
STA.
52.0 >

m
o
<;1
-I
o
AI.
""':"
IoJ
o
""



>
m
o
Q
-l
o
;tJ.
0­....,
•....,
o
0-

1.51.40.8 0.9 1.0 1.1 1.2 1.3
NOMINAL TEST-SECTION MACH NUMBER

0.7

,~'

,~'

,~
....~

~ , , --.... ....

1.1

1.3

1.0

0.9
0.6

1.5

z
(!)

Cii 1 2I.&J •
C

0::
:l
o
~

z
o
U

I.&J
-oJ
N
N
o
Z

0::
I.&J
m 1.4
2
:l
Z

~
U
ex
2

00

Fig.3 Nozzle Contour Used to Obtain Each Test-Section Mach Number



60. iii i •

40Iii iii I I I I

o 4 PERFORATED WALLS

o 2 PERFORATED, 2 SOLI D WALLS

>
m
o
()·-i
o
;:0·0-
IV·IVo
0-

1.51.40.8 0.9 1.0 1.1 1.2 1.3
NOMINAL TEST-SECTION MACH NUMBER

Fig.4 Wall Angles Selected for Use at Each Test-Section Mach Number

l&J
..J
(!)
Z«
..J
..J

~
z

200
~
0
lJJ
(J)
I
~z 0(J)-
l&J~

CD ~ ..
~ •lJJQ)
~ -20
0
..J

0
Z«

-40
~
l&J
Q.
Q.
:::>

-60
0.6 0.7



»
m
0
n.
-I
0

1.
5

1

;0

I I I 11\ 1
,
0-
IV

0 4 PERFORATED WALLS
.
IV
0
0-

0 2 PERFORATED, 2 SOLID WALLS
..< 1.4..
0

~
0:
lU 1.3
0:
;:)
U')
U')

...... lU
a 8: 1.2

..J
lU
Z
Z
~ 1.1

I .0 ' til I I 1 1 I ,

0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
NOMINAL TEST-SECTION MACH NUMBER

Fig.5 Tunnel Pressure Ratio Used to Obtain Each Test·Section Mach Number



j

o 4 PERFORATED WALLS

o 2 PERFORATED, 2 SOLID WALLS

­... I Ii'6.0 • I I I I I

~

CU
Q.

en 5 0 I I ~~ 'de 'f - - I I :\ .10...- ± 4c .. . ~ r-.............:
...JCD
o'z Q
>- )(
Wa: a: 4.0LJ I I I I I I I I I

W
CD
:::E
::::>z ,3.0 ' , I I I

......

......
240 ' i I I i I I I I I

lL
o

-)I l:~1I II I
I LI__ _ IZ .. 200 1 I I :#

olQ I _ I~~ I~~ Iz~ I
C) a: I I~ w 160 I
en~

ILl
I-

120 ' , , I I , I , I I

0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
NOMINAL TEST-SECTION MACH NUMBER

Fig.6 Variation of Reynolds Number and Stagnation Temperature with Mach Number

»­
m
o
().
-I
o
::0.
0.

':"'
'"o
0.



3632282412 16 20
TUNNEL STATION, in.

84o-4
, I , , , ! , , , I I I , ,Oa5! ,!" I I I

-8

O. 6 ~=ir~=-t"J~o--rc)Q'<

SYMBOL 8w >
m

0 0
0

0
b.. -40 -i

0
;0

I. 1 I i I I I I I I I I I I I 0-j j I I i I I I I I
';"....,
0
0-

\.0

0::
W
m 0.9
~
:J
Z

~

- ~ 0.8
~ ~

...J
<[
Uo 0.7
...J

a. M = 0.60 to 1.025

Fig.7 Centerline Mach Number Distributions with Four Perforated Test-Section Walls



i

SYMBOL

f)..

o
o

Bw
-40
-30
-10

SYMBOL Bw

o + 10o +20
o +30

~ A AA.L"Jr. .... A p ~~ A ~~ ..A./' ~

(f'c.r ~ A. ~ .r~ - '-ru'-['J"Cr-' .... '"""C -- "~l.c.x..~
~r<J'\..KJ

1\_ A A " A A "J\A A ... ../I; /\ A
/\ .Ak>-<)~

~" ... A/\ .h.A--1:.)00'1'

V V

~
/\11
~

lff'J V V V V-V Y'J '" V\J V V V"(J -vV y

j\TV

-,..,
~.oc .o.cpCkJ.Cb'l.r f\r rf')£

,l..}-- roc~
0( 'l1li' 'DL i{J'\- L- "l...J"L~- l.. 0--- '~ -

0- ~L'v- LD<'lOt'~ ~A A A. '" « '"« ... /' «-y'
)l,. A..-'~ 1<><:.if'~ J<.J"V~ ""V ~ ""~ 'V'v

V ";V C .n.r .,.,.....- - .- ......
DcDcrrr-uLFLJiL f'l.J{~ FLJ'L L...I'l-UC r--fL L rt-JC

.-+: J A-A ..AA A A A A .
"""~,

.1\/\ I\.

~~
, ~

~~'p.;; 'A 1\.1 /I. /I. A A Jii A I,-[
ALA ~ :.A...A A./'I J\--C... A - J\ A 1\'-, A A A/I. ..:/1. ..A ":".A A A

~~~
nr- !"t"_

""~ \
~~

...

~

1.5

1.4

D:
lIJ
CD 1.32
::::>
:z
::I:
u 1.2,..... Cl
2

..J
Cl
U
0 1.1
..J

1.0

0.9
-8 -4 o 4 8 12 16 20

TUNNEL STATION, in.
b. M ~ 1.05 to 1.50

Fig. 7 Concluded

24 28 32 36
>m
o
Q
-i
o
~
0-

~

'"o
0-



:I>
m

I.,
0

I I I I I I I I I I i I I I I I I I I I I I I Q
-l
0
AI

a-
t;-'
'"1.0[ I I I I I~ l\.n n.J'\ f",J-""'" - '=( - '=1;:: ::::J =:::::J - '::'I ;;;, ":1 '.::! ::::J - ';J - =I ;: '-1 -~ 0
a-

a::
W0.9
2:
::>
z
::I:
~ 0.8
2:
~

~ «u9 0.7

3632282412 16 20
TUNNEL STATION. in.

84o-4
0.5 1 I I I I ! I I I I I I I I I I I I I I I ! I

-8

a. M = 0.60 to 1.025

Fig_ 8 Centerline Mac:h Number Distributions with Two Perforated Test.Sec:tion Walls at Rw = 0



AEDC.TDR·62-206

0
C\I c

..
Z
0

U)~
0-<[
Ii'! -a

I- OIl
(J) -a

~ "
..J Ii'l U

c::

~~
0 0- U

Z II ClO

~ ~ 0-
l- LL

...c:i

CO

o

-~---f 0

C\I

Do£_L...-~L-_.l.__---: J....___""L.__J....__J....__J....__J....__"""""'___' CO

en.
o

1--+------,I---i----f~__t-_ft-_+-_+-_+_-_+_____lH____; ~

I

15



SYMBOL 8w ;t>
m

0 0
<;)

<;1

Dt. - 40
-1
<;)
;u

I. 1 I 0-

• 1 I 1 I I I I I I I I I I I I 1 I I I I I tV

tV
0
0-

1.0

a:
wm 0.9
::lE
~

z
:z::

..... ~ 0.8
en ::lE

~

«
g 0.7
~

o.6 l--r""1:::l;;:~""''''''f)---U

0.51 I I I I I I I I I l I I I I I I I I , I J

-8 -4 0 4 8 12 16 20 24 28 32 36
TUNNEL STATION, in.

a. M = 0.60 ta 1.025

Fig.9 Top Wall Mach Number Distributions with Four Perforated Test.Section Walls



SYMBOL 8w
6. -40
o -30o -10

SYMBOL 8.

o +10o +20
o +30

.'

I . 5 I o-roTOt'O

1.4~

.... ~A.
I 'J

A J I ~
~}..--o(,

~

~

.f)

....I. ..-l\

1.2

I. I rl---t---+~~t-J1~

a:
w
m
::E
:J
Z

- x:
-.J

u«
::E
...J
«
u
0
...J

1.3 .. 1;;; u-t-U""":"

1.0 r-r-~~~F-t-t-t-t-t-t-t-t-t-t-t-t-t-t-t-H
I I I I I I I I I I I I I I I I I

O. 9 ~-.L.-....L..-----JL....-..---I...._....L...-----I._--L.-_.L..-----1._....L...._L..--.L._.....L-----JL.-----L.._....L...-----l_--'-_.J.......----L_......L..----l

- 8 - 4 0 4 8 12 16 20 24 28 32 36
TUNNEL STATION, in.

b. M = 1.05 to 1.50

Fig. 9 Conclud&d

>
m
o
o
--I
o
AJ..,..
':-'
'"o.,..



3.632282412 16 20
TUNNEL STATION, in.

84o-4
O.~~ I I i I I I I I I I I I I I I I I , iii I

o.G 1----,-.~("""'I"".~....I::::;:,r1::::::=::1"'""l:t'Jo(

:t>
m
0

1.1 I i 0i i i I i I I I I I I I I i I I I I I I I -i
0
AJ

0-
';-'
IV
0

1.0 I
I I I ~ -- 'T "'---1""'- ""-""""I ~..I\.'" 1""\. J"-J ...... '-J ~ 'T ..... "" .I- ,..... - ...... ..... .l- I I I 0-

n::
LU
m 0.9
:::E
=>
Z

I
0 0.8<I
:::E

..J...- <Ico
0 0.70
..J

a. M = 0.60 to 1.025

Fig. 10 Tap Wall Mach Number Distributions with Twa Perforated Test.Sectian Walls at Ow = 0

.,



','

~

m
o
t;1
-t
o
;;0

0-

~
IV
o
0-

36322824

b. M = 1.05 to 1.50

Fig. 10 Concluded

8 \ 2 16 20
TUNNEL STATION, in.

4o-4

\.0 I I I I..,.. I I I I I I I I I I I I I I I I I I

\ .5 rO-T'"O-T'O H c::::J "JIC)r"t I ...... I I'"'CC I ;Q W to: I ;C~ I J.~ A~

0.9' I I I I I I I I I I I I , I I I I I I I I I

-8

1.4

0:::
l&J

1.3m
2
::J
Z

:J:
'-20

<[

2
...J..... <[co
0 1.\0
...J



AEDC. TDR-62·206

0.90

0.80

Q70

0.60

) ~
~.

/'
J

SYMBOL 9w ~60 0

/1,
-~

/U
~.

/
/

/
/

I'

,./
I

/
~

/
I,/

~.

I

II'-'
,

- - PREVIOUS CALIBRA1"ION, 19~8

0.50
0.84 0.80 0.76 0.72

PC/Pt

0.68 0.64 0.60

Fig. 11 Comporison of Present ond Previous Colibrotion Results with
Four Perforated Test-Section Walls

20



A E D (- T D R·62- 206

0.440.480.56 0.52

Pc/Pt
0.60

SYMBOL 9w J50 0
~ -40

,/0 -30

I

I
LJ

/-

I ~

/ !fa

tii
1,/1~

~

f
/

/

P
I

j

/
I

I»)

/

p
/ -- PREVIOUS CALIBRATION, 19158

,,/
-,

1.20

1.00

1.10

0.90

0.80 0
0.68 0.64

Fig. 11 Continued

21



....
/,./

I
I

J
SYMBOL 9w

0 -30

<> -10 I

~
+10 /
+20 k'0 +30 ,

/
I

/
II

~

"Ii/ !

I"
/

~'
rv

/
'/ I

II ,

I~ i

I - - PREVIOUS CALI BRATlON, 1958I

"

AEDC.TDR·62·206

I.~O

1.40

1.30

1.20

1.10
0.48 0.44 0.40 0.36

Pc IPt

Fig. 11 Concluded

22

0.32 0.28 0.24



0.90

0.80

0.70

0.60

AEDC.TDR-62-206

~/)J
IV

ff
I I

//
I V

~If
I V

/1

/ :;
1'/

/~
V

J?
/'1

/ V
//

0v

I~
/J

XI
-- PREVIOUS CALIBRATION, 1957

0.50
0.84 0.80 0.76 0.72 0.68

Pc 1Pt
0.64 0.60

Fig. 12 Comparison of Present and Previous Calibration Results with
Two Perforated Test-Section Wolls at fl w = 0

23



A E 0 (. TOR· 62- 206

0.440.480.56 0.52

Pc 1Pt
0.600.64

/ //
IIp

.' 1I//
/~

If!
/ V

Irl

(/
Ii) .J

/ >1
II

IV
Ir<

/ V
II

II)~

/ V
Iff

IV -- PREVIOUS CALIBRATION, 1957/1

)V
"-b

1.20

1.10

1.00

080
0.68

0.90

Fig. 12 Continued

24



.. 1.50

1.40

1.30

1.20

JU
I ~/j

i7
IV.I

iI"I
I[(,

11//
/ fl

i
l
}

/ r/
"d

/ /
"/

/V,-

,/1
I D'.I

/j

-- PREVIOUS CALIBRATION. 1957

AE DC. TD R·62·206

1.10
0.48 0.44 0.40 0.28 0.24

Fig. 12 Concluded

25




